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Establishment and Characterization of a Cell Line Derived 
^ from Human Uterine Cervical Adenocarcinoma and Its 
Chemosensitivity to Anticancer Drugs 



Osamu HaYAKAWa . Ryuichi Kudo . MotoikiJ5QtfUMJ, Osamu Yamauc hi 
Hiroyuki Yamamot.Q a^Masaki TakEHA£A. 
^Oea^^enfsf Obstefks-rm* (&necolfe$t$apporo Medfeel Collet 
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ABSTRAT A new cell line of a human uterine cervical adenocarcinoma, designated as CAC-l, was 
established from a moderately differentiated adenocarcinoma of the uterine cervix CAC-l was sub- 
cultivated more than 150 times during 36 month period- The population doubhng time was 31 hours. 
The number of chromosome* in the majority of cells was hypertdploidy with a mode of 75 at passage 5 
In the cytoplasm, alcian blue, PAS and CEA staining positive substances could be seen. The ceUs 
produced CA-125, hCG and TPA in cultured media. The tumor obtained from nude mice .noculated with 
CAC-l cells was a moderately differentiated adenocarcinoma histologically, closely resemblin* the 

original human tumor. t 

CAC-l was studied for chemosensitivity against 12 anticancer drugs by in v.tro colony forming 
assay In vitro sensitivity was denned as a 70% or greater inhibition of colony formation when 
compared to controls. Etoposide, mitomycin C and cisplatin showed sensitivity at peak plasma concen- 
trations for 1 hour exposure. The 8 drugs, which showed sensitivity at 1/10 peak plasma concentration 
.for 24 hour exposure, were achromycin, actinomycin D, mitomycin C, etoposide, J 
cristine, vinblastine and cisplatin. (Received September 13. 1988 and accepted September 26, 1988> 

Keywords: Established cell line. Uterine cervical adenocarcinoma, CA-125. Chemosensitivity. 

In vitro colony forming assay 

1 n E HeLa", OMC-4 H fiD2#A'«§?h"C^* lc * jfte 

CA-125, puman chorionic' gonad- 
otropin (hCG). tissue polypeptide antigen (TPA) 

Jfift (CAC-l: cervical adenocarcinoma) OgStlc* 

assist * i^o^&^h- 
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2-1 JBSttft „ 
ffftIK 1985 ^7^50 ic^fflRWlfcff Hb 

2b , (Fig. 1). ft***, alcian blue, diastase ft 
ftft PAS ftfe i i tBtt-e. perojiidase-antiperox- 
idase (PAP) Kti5 carcinoembryonic antigen 




Fie 1 Histology of the oriRinal tumor revealed moder- 
ately differentiated adenocarcinoma (en- 
docervical type) of the uterine cervix, 
(hematoxylin-eosin stain X95!) 

aPBLfcBSWW**™* 1 " dispasetypell 
»*S) 1000 PU/m/ -C 30 »Mo*iBfta*fc«B>®* 

*X 60 mm £ plastic dish (Corning ?fc) CSXl0 5 ffi 
o%JH«!tr«a*. 37r.5*C0,O*ft-FtJ»»W 
Lfc jgs&H Eagle's minimal essential medium 
(MEM • - )^ peniciUine 100U/m/ -streptomy- 
cin lOO^g/mi (GlBCOih) i^teffM* (FBS: 
GIBCO^)*^^?^*^^*^^ " 
tt*g#l*0 25%trypsin (GIBCOft) t 0.02%EDTA 

fcfffflL-cfflfinktMi-. l : 2 *fc»ti : 4 splits 



fc- 

2 ^SliftiaiilcolaouJfefei alcian blue, dia- 
stase ififc* PAS ©««£»&, PAP 4 CEA B 

2-4 ±esfflia^tttt 



• IE 

KWU6, 29, 50fSB©lxlO»«o¥J*£* | IIB*35 
mm Aplastic dish (Canning tt) sWa^- 
«Sft%HBK.fT^fc#fc*B 2 dishes 0»ftlft4r» 

=» D a 60 mm aplastic dish K, 
i^xlO*. 5X10 J , lxlO'lloWli&IB***^ 

2 ^m^^'^^^^'^^^^ ° 

2-5 Sfi#»#T 

O^Ste**' 4 -'*^ 15 ^**** 1 - ***** 
ffljc^aSBicolcemid (SIGMA ft) *1X10"M"» 
gt-4»S3^^C0.2%KC; jffififc-CfiK* 

U=. • ^M5"fT H trypsin »fflfc i S G-band ftt 

2-6 MHftt • 

K« 17, 45ft@Olxi0 7 <iO*&*«HBai:'6 3 SIKO 

2-7 j B i»+ia!ta*ti*M^-*--« 3 ** i:S,H 

fttt 20 ft B © 1 * 10 G «l ° *»**°» * 35 mm g 

plastic dish K «a*je**»*fl , *i-**^* WWW 

igB^.-? _ ^ radioimmunoassay "tMBIELfc. ffll 
SSLfc®®-' - * - »* ^-fetoprotein (AFP). CEA, 
hCG, TP A. CA-125, CA-19 • 9 O 6 

^ ^ _ ✓ 9 * . t icjfflifi**fcsaaiifi«c«5«' c ' 

®ffUfc5-bromodeo>cyuridine (BrdU : SIGMA ?fc) 

10 „M t 30 #GMS»S*te- »^ 95%J ' 
PD£L 4Nl£*tJ30j9-Ba*!ia*+^fcft» l ' ,t: * : 
BrdUlafr (Bekton Dickinson ft) ^^avidin- 
biotin peroxidase complex ( A BC)ttfc-C^a#S 
»fe*frofc. tie 3000 tttLkollBftfe** 

2-8 mrn^vs^ 

©microcolonies inhibition test ttWiUt^Tr,*:. ^ 
^ t i24 W ellmultidish (Nunc it) ^ 53. 55ft# 



03 /11/02 13:21 FAX 614 447 3648 



CAS DDS 



@1013 



%35 



sneaks 

Lie dish ic 



14, 5lftB 

•a 1 S : > 



«BSi:SW 

I ^ 35 mm g 

WELfc- iP-'J 
VFP). CEA, 

: SIGMA it) 
l^'Cavidin- 



57 (6)1988 



S'tJBJW^BSt-rsfcabK. 'J vifiSffia-C 3 E13v5t^\ 

"C jfi 1 aR36L&ln;E3 s f!l*asiPO * v h -/uo a * = - 
AS 8 SB U J; fc o hC i * * £ £ * WS I* fc-t-c ¥ Z 

Vp-/U03P=-SittRLfc. Sggfetti* "<"C dupli- 
cate -ef}b\ 381ft 53 *s i IK 55 ft B OSESSl'ffiffl L-C 
2aftS4Ufc (Fiff.2). 

L fcSMHSfl ft 5-fluorouracil (5 FU : 
fijftJj&B), methotrexate (MTX ; ^ y 
bleomycin (BLM: HifldS), vincristine (VCR : ft 
ffg), vinblastine (VLB: ffi&gS). etoposide 
CVP-16: 0*ft»), cisplatin CCDDP; B*ffcS0. 
adriamycin (ADM ; fflftl^Pg). aclacinomycin 
(ACM : Uiirt), actinomycin D (ACD : 
mitomycin C (MMC ; ft ft S#), cyclophos- 
phamide i£fitt?B! - C'S>5 4-hydroperoxy cyclophos- 
phamide (40487 S; 12 

fSBe^SSttt?**^^ 40487 S 
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Pis. 2 In vitro chemosensitivity test by microcolonies 
inhibition test. 

in vitro vc^^^mmt^mi^inm^tm^ 

BBt 24 0^1 ^ 2 ^-W, iSan*JRttft i S^h.-c^s 



t l-c, 1 0»ias*»-efctaisuiffaEss 1/ 

2 ©Si i/io«S<o3*L€-c. 24WrBlffitesft:-rai/ 
2, 1/10, l/50SJS^3»lft:fctll!EUfc (Table D- 



The highest dntg concentrulion used in the 
vitro chemosensitivity tests. 
Drug concentrations were selected on the basis 
af the known peak plasma levels in hwrnm 
pharmacokinetic studies. 



drugs 












5-Fluorouracil (5 FU) 


10.0 


Cisplatin 


(CDDP) 


2.0 


Methotrexate 


(MTX) 


3.0 


Adriamydn 


(ADM) 


0.4 


Bleomycin 


(BLM) 


2.0 


Aclacinomycin 


(ACM) 


0.6 


Vincristine 


(VCR) 


0.1 


Actinomycin D 


(ACD) 


0.1 


Vinblastine 


(VLB) 


0.1 


Mitomycin C 


(MMC) 


1.0 






30.0 


Cyclophosphamide 




Etupuside 


CVP-16) 


(40487 S) 


3.0 





3 fife ?fc 

1985 4^7 R 5 0 fct0ft*H*ff-*fc. Wt^8-C* 
fibroblast ©fiA#*> 0SfflBao*5iW«fS-Cft-ofcA ; , 
ic<0$: fibroblast ©JifcaSU^«jMia*^S3fiiteBSE% 
jfi&tifrib colonial cloning fcS^tt&ftJSfiiClBffl 

36*^HlclSOI3U±Ol8f6JQa:aLti^, ifc, ^ 
3-2 JfflB&JB® 

»5ttfc*5fi , t ; 6^*SKS«i"S (Fig. 3). MSS 
•t i/ - *#-C-R"llSS£ H U < alcianblue, diastase fli 
-fbft PAS ftfeBttt?. CEA tifa 5% oWBSl-C-Btt"? 
(Fig. 4). 




Fig. 3 CAC-1 ceils were polygonal and columnar in 
shape and revealed neoplastic and pleomorphic 
features. (Papanicolaou stain xl90) 
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■j-SSBifafH^dcsniosome S-S-i^S^^K microvil- 
li *;ftffiu^hH^o»flt36MS»*ixfc. ^Hbofflii? 
Hfr^ilSESSO TEM « iSMfilL-tWcCFig. 5, 6, 7) ; 

SEM -enfflKriftEcfifi l/t*ff 5Sffl*t*d^H 
o microvilli -cfifcii-Cv^fc. ^^fftfoS^tS 
BSffii*«aL-CV>%Bfl 1 ^agSHfc (Fig- 8). 

8{U6, 29, 50ftBOS*^O*«iSiSS*«»H 

^@^^^ffi^^Ba^f&Jn^^«b 3i bm-c. 

inffiftftBSWS. lx 10 s cells/cm 2 , ^ *■ 




Fie 4 CAC-1 cells were CEA positive by irninunoper- 
oxidase staining. (PAP method xl90) 




Fig. 5, G Transmission 



ion electron micrograph of the original tumor. ( x 3600), ( * 3600) 



■ £1 » 




Fig. 7 Transmission electron micrograph of CAC-1 cells. 
The cytoplasm contained secretory granules and 
Golgi apparatus. The adjacent cells were linked by 
desmosomal j unctions. ( X 5400) 




Fig. 8 Scanning electron micrograph of 
CAC-1 cells. (X2QQ0) 
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1 2 3 d 5 5 7 8 a ID II 12 
Culture days 



Fig. 9 Growth curves of CAC-1 at passage 16, 29 and 
50. 




Fig, 10 Distribution of the chromosomal number in 
CAC-1 at passage 14 and 51. 

Jfeft#Ji«6ft U ft S - K jfln 72 to X r>* 78 *-eiK 

Ktf 75 *-C-B 3 fftftiS*^*4>L-CWi(Fi£. 10). 
&2£5)"0T"C *i submetacentric £ acrocentric © 
3b-Jfcfi# 3 i l ?Sabe,li7tCFiff.ll). ftft^-taftft* 

3-5 mffiftS. 
*W(i»ftl7ftB'C-ft2*^ft 1 45ftS-e»l*» 



iif an w w i m iu an ( i 



W Hi » 



lilt 



»ffl *»■ 78 



I v 



Fig. 11 G-band karyotype of CAC-1 cell at passage 
51, with 78 chromosomes. 




Fig-. 12 Histology of the tumor produced by beter* 
otransplantation of CAC-1 cells revealed mod- 
erately differentiated adenocarcinoma and 
resembled the original tumor- (hematoxylin 
-eosin stain x95) 

n —Y**V ffl&TKES 1 .5 cm ©BS«0 
fiELfc. @1$k±l&MStmC< alcian blue, diastase 

is-ftft pas jfefofc * r>- cea m%ftftmm&®>&<o* 

9a»fbSIIISU5-e* te (Fig, 12). 
3-6 iSBSB+WSUifftiSlliS^— <Z>3M^£ Sjffi 
MB*>HIS 

MMffiLfc*. +-<-caOStfKWT-t?*-9fc ilft20 

ft 0 -cisaa^jcHiffi' - * - ©ttffi^g» e>*ifc© 

ft, CA-125, hCG, TPA©3SJS^*^fc. hCG 
i TPA*t»jRiB}B»!-eaJ!Slx]0 B ffl*fc!?p ^it* 
h.3.1mIUM8h, 139.7 U/48 h HS> 0, 5fe7&Jffl-Cl.3 
mlU/48h, 123.2 U/48 h KLffiE^Lfc, CA-125 
m 7. 2 U/48 h, 10.1 U/48 h-ChCG. TPA £«5»lc 

il^^^fflU^EWT'C^o^ (Table 2). 

4fc, i*L,t|5liefc.BrdU^ffli^SSBWBOffll-&4r 
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Table. 2 The member of tumor markers produced in 2 
days by 7x 10 s CAC-1 cells and % S ptuise 
population. 



* i exponential staLionai 
control * phai . fc pba5e 



AFP 


Cnz/rn/) 


< 5.0 


<6.0 


<5.0 


CEA 


Cng/mO 


< 1.0 


<1.0 


<1.0 


hCG 


(mIU/mO 


< 4 


3.1 


3.3 


TPA 


cu/o 


<30.0 


139.7 


123.2 


CA-125 


(U/mO 


< 8 


7,2 


10.1 


CA-19-9 


(U/tnO 


< 5 


<5 


<5 


% S phase population 




36.2 


27.3 



3-7 &mm&±mi 

l asHffiteSf-e* p * 90%U>.»ftDLfctn; 
ffiW»t«HJllLSaftE«**s i *o 1/2 iSST- VP-16 
£ MMC © 2 50*5, CDDP 3&xttHJfiL!»ftE"e' 70%1U± 
Oftffl^L/i: (Fig. 13). 

24 R$HaS«sl¥ ***ftfiiBE?ffl ^ ^ 1 WJffiftfeS* o 

LfcflDW«iajftliaHfiJSOl/2-CACD, ACM, VP- 16, 
CDDP. MMC, ADM, VCR. 1/J0 ift l£ "C ACD, 
ACM/ MMC. ADM, VP-16. 1/50 MMC t? 



« 1 h exposure^ 

Survival 




1 : 
0.5- 



0.1 0.5 1.0 

Drue ooiw antra lion [rmmU puttm* 1b*«I^L0) 



*-ofc. !:Ojipftfl^Lfc«C)W;l/2Sg-C 
VLB, 1/10 C g -C- VCR, VLB, CDDP, 1/50 « BE 
"CVLB-C*-**! (Fig. 13). 

4 * 3£ 

t£i5pftttHeLa. OMC-4 © 2 
v\ 1952 Gey *"*^LfcHcLa ftttfi^H^Ha 
^TJi*S43S*ifiU*bix«fflSli-t:ftta6^ 1971 
Jonen cjr */- fl) ©SftlcJ: 5^aifiSl±l^ttT^o 
rc C t tfe HeLa tfcfr*^ ffl ttflrC'raA s^^Se 

Yamada <?/ a/.tfSfcZLfc OMC-4 - K -> 

fc, S«f§-C'** HeLa ft*5t 0 ttfttl-OT: 
<C2flh sxpocurv^ 



Survival 




Orug confiontrallari (beak plaima ••"el-I.OJ 



Fig. 13 Survival curves for CAC-1 cells exposed to anticancer drugs at various concentrations for 
1 hour and 24 hours. 
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tflg^t*- #K. fibroblast ©iSfttfI183t*$S!:ic&L 
-CfiflS§i*cfta'\ "T-SJIS. punch biopsy CXfttWJrflU 
^•C*«£*%?J$*6fc»**ifcfc*. 0-25% 
trypsin, dispase i«:ft«B£BAfcfil^ra*»* 
fc- COSgSifc&fflflSfcteS* 1 ^- fibroblast©® " 
AjWBt'J'fca'^fc©* 5 dispase -e* -s fc. 
ft355©KK. dispase ^fEffi Lfc**4>S© fibroblast © 
SA*>«- *> cloning ^Ift -5 cloning ©*£ 
W 0 . 25%trypsin %fWB S-SrfcW K. fibroblast J: <? ±£ 
iffllfiio^ * »-a'>ftfc#Jivf>-f < fcft*S$t*£a»U 5 
fclGBIftBK. fibroblast ©Jg$i'lW-ft<i fC*P5»*i. 
"CV-ftStitfe!®© cephalothin 100 j/g/mZ ifefflMKSSS 
BP** i iK-Jt -> tit«tt*»KyS*** cloning i" 5. 

CAC-1 tta'»BII«6*©*HB«MI 
« tfc* * ft £ 4 feKtt * » tt* ft^ SB © a 5 * * • 

-c *,•*!, i5omw±oiiisfiic«3bLti,»*. 

2) JEftkBiffclBi-f w t ft < B*fca«tt««[4r 

Iju-c^ft- 

3) SfkH^B^Wtfl-lBHItt. Golgiif. des- 
nujs©meSte*a*IILt*»lBi* ,, C** £ i*"«JSS 

Ki*- K4r*-fS. **** L " r ~ * ~ 

JfcfeftA'fS&kHft. 

blue. PAS, CEA Cfc^ftftfcttSE ■ 
U±OSS*^Sg#i-Si CAC-1 **Wfi»©WMr 

8 CAC-1 & It CA-125, hCG, TPA **S 
$tHcgf£U ISJ&KLCEA©^*^^©^"- 
*i£*Mtt*ft. CA-125 It Bast e< */. ,, *«M»Lfc 

*-*a;fc«!>»icaft*-e. p£*sk:#ii&a ; £ < saw 

ERc-ejK < S H-C V > 6 A», - ©tfr& ©WHS ^ *»* W 
0 CAC-1 &©lffi&^- * -Sii «BBOJe«ftffl t © 

L, BrdU %fflKS $*WB3©SI£r*t£sr tfc. 
«Ott ft hCG k TPA « S JB«Bo^^»fCi8*ntJ 



ig/jaL, CA-125 tiaj£K.}E'fi?Sa'C^*n-f-oieirM] i^- 3 '- ^31. 

fc. tpa tt^g{igip©s^feaiaioiaieK. m®'J^ 

#fc#4U»»*h5t*A.5»*fC*»U ,w . SWISS© 
*g;tra*a j; ttMBMUJ: oMift*^*^ CA-125 
K. o ^ -c tt P & ft * tt sa a a * © HTOA 1 ", 
SHIN-3 ,a) 4rjBi'-C*a*Ufc«***9, £55&§&iS& 
o lag phase "C-^JD. tt?M.}tK-«'>, SttJB-e* 
gtgJpL-CfcO. ■USrtftftfttf^EoSlilMSftiM 
tt-eA-afc. U*»L, CEAfti"©ft!©HB^-*-© 
M£^tt#ftg^5&Jffi2I*ft^i<i1I'* 
■ca * i ©«* * * 5 fc*"' 14 '- 

-35, CAC-1 ttttJUBKi CEA olBtftrB*** 8 * 
S^S*fcH:«asSii«*»ofc. t©ai©— 3»t CAC-1 
CEA i. 4 5— stt 

OCESCtt Z0**'« CEA BMt-C*ofciVB.*JfiiW4>Kat 
CEA i'^ffi S*rC*>- fc-f, CEA #£$3Bl©*Jfi6t£tf ;i $ 
It*. CAC-1 *«0 CEA |Bte«UBO«-firi* 

iiUfiWAUfclP* A * y * aa! * a * C0MC " 

1)"' ttg8®ff'RL££©CEA-fc£&"*"5as 
m»+oCEArtLaffi-e*ote. CEAo^teE, »»© 
tilf^f r 5Bi-?»fc*»!iOMC-Hft«a'»ai, CAC-1 ft 

-? - * - ©££«i?fc9f$E-r a fc*fcSisfrssaifla 

/» wf» <0 til 58i#J!&g St Hamburger and 
Salmon 11 ' © human tumor clonogenic assay 
(HTCA)*'ifiE-C***"». 4HI©***!* 59 B = 
*ottV»«*HBHS*"C*«te«) HTCA t »H£BI#K. 
reproductive death fcWE-C- 1 ft** t U--C*0 5» 
I'* Puck and Marcus 1 " © =» ° - -T»&&<bWM.'k 

ffli-te. s5)^S©JWB*J:«*Mfc«t»^r«"e'. L 
ffiffi-C'Rffli**'S-e4»*dtff fe" © microcolonies 
inhibition test fc!? CXm®*fi^- **&©!** t 

1) ISiSi 96 well microplate %{E ffl L "C t « % *». 
iBg©JEv- 24 well multidish ^rffii^c. 

tti'.* ft- * t well tft*Lg«ft«» 

%*fH-#R*««K:Aft«SI 3 B q fcttSfflHf*iP L 

3) SOSM i ©fcttWM **jBC*-e**. 72-216 BMfl-e 
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mm t offitt^iiaicov *-c»«£*o htca © i « 

Bafflftk/iH-Cra cycle-phase specific ts^fS^'&O^M 

pharmacokinetics oMjj|:& ; &£fc#>$c— Lfcig2£!rtti£ 
StSHt^fcw^, HTCA S^aoafe-eHSiB 
ihttfegO 1/10, 1 l&MttK, 70%tA±O a p ^ 

positive 60%, true negative %)%%t<D<f-? 
§;$H"C v,*£ 6,,B) . £ ^Tr^lIDtD CAC-1 ftolftlSSlliS 

iS«^-CVP-16, MMC. CDDPtf. 1/2*S-CVP^ 
16, MMC^SfcHLOi^agSliSFffiSHa^, i/io 
*S-e«IE-rs?E*0 HTCA <0SW^tiS4ttO*% 
HSU (t x> k o % ft i ^ t Ktc 5 . 24 B9MSlM*-c»* 1/ 
2»t£^ACD, ACM, VP-16, CDDP, MMC, 
ADM, VCR, VLB. 1/10 « £ ACD, ACM, 
MMC, ADM, VP-16, VCR, VLB. CDDP. 1/50 
it&-CMMC, VLB*«Stt«)*5lBffJi:B¥ffli*^S. 

i ^ra^*tt>-24 wra«*wt*itttf 4^ vcr, vlb 

to cycle-phase specific ^JFJ-CVi 1 ftr^iSAtt* 
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